The purpose was to interpret the varying morphology of electrospun cellulose acetate (CA) fibres produced from single and binary solvent systems based on solubility parameters to identify processing conditions for the production of defect-free CA fibrous webs by electrospinning. The Hildebrand solubility parameter ( ) and the radius of the sphere in the Hansen space ( ( − ) ) of acetone, acetic acid, water, N,N-dimethylacetamide (DMAc), methanol, and chloroform were examined and discussed for the electrospinning of CA. The Hildebrand solubility parameter ( ) of acetone and DMAc were found to be within an appropriate range for the dissolution of CA. The suitability of the binary solvent system of acetone: DMAc (2 : 1) for the continuous electrospinning of defectfree CA fibres was confirmed. Electrospun webs exhibited improved tensile strength and modulus after heat and alkali treatment (deacetylation) of the as-spun material, and no major fibre morphological degradation occurred during the deacetylation process.
Introduction
Cellulose acetate (CA) fibres and membranes have biomedical applications in ultrafiltration and reverse osmosis [1, 2] biosensors and affinity membranes. In webs produced by electrospinning fibre, morphology is an important parameter affecting product performance. The morphology of electrospun fibres is influenced by both the physical and electrical properties of the spinning solution, which is, to a large extent, determined by type of solvent [3] . The selection of solvents for electrospinning and their influence on fibre morphology has been one of the main areas of research in recent years [4] . Wannatong et al. [5] showed that both the density of electrospun webs and the presence of beads can be influenced by the choice of solvent. Uyar and Besenbacher [6] indicated that differences in the dryness of the collected fibres could be attributed to the density and boiling point of the solvent. The collected fibre dryness increased as the density and boiling point of the solvent decreased [5] . Similar work on solvent selection was reported by Jarusuwannapoom et al. [7] .
Solvent type can also influence the fibre morphology of the as-spun web. Yang et al. [8] investigated the effects of dichloromethane (MC), ethanol, and N,N-dimethylformamide (DMF) as single and binary solvent systems on the formation of ultrathin uniform poly(vinyl pyrrolidone) (PVP) fibres during electrospinning and noted substantial differences in the collected fibre morphologies ranging from smooth to helical.
Van der Schueren et al. [9] showed that substantial reduction of the cross-sectional area of electrospun fibres could be achieved by selecting a binary rather than a single solvent system. The use of binary solvent systems has been utilised by various researchers to optimise the electrospinning process, for example, achieving a high productivity at the same time as a finer fibre diameter.
Numerous single and mixed solvent systems have been utilised for electrospinning CA [2, [8] [9] [10] [11] [12] with one group reporting the development of a ternary system for the preparation of protein A/G functionalised CA membranes [13, 14] . Son et al. [10] showed that when acetone was used as a solvent for electrospinning of CA, the tip of the needle was easily blocked because of rapid solvent evaporation indicating that acetone is not an appropriate solvent for continuous electrospinning using the prevailing experimental conditions. However, it was found that ultrafine CA fibres could be obtained using acetone as a solvent when the CA concentration exceeded 17% (w/w). Electrospinning continued until the tip of the needle was blocked by evaporation of the acetone.
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Ultrafine CA fibres were successfully produced via electrospinning of CA in a mixed solvent of acetone and water (water content 10-15% (w/w)). Ultrafine cellulose fibres could then be regenerated from homogenous deacetylation of CA webs in KOH/ethanol solution. Electrospinning of a CA solution in acetone and water under acidic conditions produced larger fibres, whereas when the solution was basic, much finer fibres were produced [10] . Han et al. [11] reported that uniform CA fibres could be electrospun at CA concentrations above 17% (w/w) in a mixed solvent of acetic acid : water (75 : 25). The average diameter of these fibres was 180 nm. Tungprapa et al. [12] showed that smooth fibres were obtained from 16% (w/w) CA solutions in 1 : 1, 2 : 1, and 3 : 1 acetone : DMAc, 14-20% (w/w) CA solutions in 2 : 1 acetone : DMAc and 8%-12% (w/w) CA solutions in 4 : 1 methylene chloride (DCM) : methanol. This work also concluded that the most versatile solvent system for electrospinning of CA is a binary system of acetone : N,N-dimethylacetamide (DMAc) (2 : 1) with 12.5%-20% (w/w) CA concentration [12] .
Previous studies on the electrospinning of CA have focused on solvent selection [12, 13] , but the identification of suitable solvents has been based on trial and error experimentation, results for similar polymer systems or solubility models limited by the physico-chemical database [14] . The purpose of this research was to interpret the varying morphology of the CA electrospun cellulose fibres in single and binary solvent systems based on the solubility parameters. This enabled suitable solvent systems and optimum processing conditions to be identified as well as the production of defect-free cellulose acetate (CA) fibrous webs by electrospinning. Previously, researchers have investigated changes in tensile properties as a result of deacetylation [13, 15] . Ma et al. [13] demonstrated the feasibility of applying cellulose fibre membrane prepared by electrospinning as affinity membranes. The influence of heat treatment (post fibre formation) on the mechanical properties of the electrospun CA fibre webs was explored as means of maximising their strength [13] . A similar approach was attempted in the present study based on a previously reported method [13, 15] .
Material and Methods

Materials.
Cellulose acetate (Acetyl content, 39.8% (w/w), 30,000 Da), acetone, acetic acid, N,N-dimethylacetamide, methanol, chloroform, and sodium hydroxide, was purchased from Sigma-Aldrich (UK) and used without any further purification.
Sample Preparation.
To prepare spinning solutions, single and binary solvent systems were evaluated as follows: (1) Single-acetone, DMAc, acetic acid, chloroform, and methanol; (2) Binary-acetone : distilled water, acetic acid : distilled water, acetic acid : acetone, acetic acid : DMAc, DMAc : acetone, methanol : distilled water, acetone : methanol, and chloroform : methanol. Solutions were prepared by constant stirring at room temperature (25±5 ∘ C). The CA concentration in the spinning solutions was fixed at a concentration of 15% (w/v). This concentration was selected based on previous studies to establish the most suitable solvent systems [12, 15] . The suitability of each system was assessed in terms of the freedom from precipitation during preparation of the spinning solution and the spinnability of the resulting polymer solution. Spinnability in this context was assessed in terms of freedom from needle blockages, consistency of fibre morphology, and freedom from bead and spindle defects in the web. Clear spinning solutions were obtained after 24 h.
Electrospinning.
Electrospinning of the CA polymer solutions was performed in horizontal alignment at an applied voltage of 20-25 kV and a tip-to-collector distance of 100 mm. The syringe pump feed rate was 0.002 to 0.02 mL min −1 . A copper electrode supplying the current and voltage was attached to the syringe needle at its base. Electrospinning was performed inside a fume cupboard and was carried out for 60 min at room temperature. Webs were collected on a square aluminium foil. The single and binary solvent systems were prepared at a fixed CA concentration of 15% (w/v) based on the findings of previous studies [12, 15] . Preliminary work indicated that no fibres could be successfully spun with a CA concentration of less than 13% (w/v). The presence of hydroxyl and acetyl groups in CA gives rise to strong intra-and intermolecular interactions, predominately H-bonding. Intermolecular H-bonding results in bridging the adjacent CA structural entities [16] . With concentrations less than 13% (w/v), it is proposed that the interactions between adjacent CA molecules (intermolecular H-bonding) are not strong enough for fibre formation that is, the critical chain entanglement concentration for fibre formation was not reached. Precipitation of CA occurred in the binary solvent systems of acetone : water (4 : 1), methanol : water (4 : 1), and methanol : acetone (3 : 2, 4 : 1) even at a low CA concentration of 10% (w/v). A summary of the solvent systems and electrospinning conditions utilised is given in Table 1 . The effects of each solvent on the electrospinnability of the CA spinning solutions and the morphological appearance of the asspun CA fibres were investigated to determine the optimum solvent system for electrospinning of CA.
Scanning Electron Microscopy (SEM).
Prior to SEM imaging (Philips XL30-ESEM), all the samples were cut into small sizes (stubs 12.7 mm diameter) and were sputter coated (EMscope Biorad SC500) with a gold and platinum mixture in a vacuum. SEM images were taken at different magnifications: high (scale bar =10 m), medium (scale bar =25 and 50 m), and low (scale bar =100 m) for all samples. Fibre morphology was determined directly from multiple SEM images of the same sample to determine a representative view.
Attenuated Total Reflectance Fourier-Transform InfraRed (ATR-FTIR) Spectroscopy.
The Perkin-Elmer Spectrum BX spectrophotometer with diamond ATR attachment was used in this study (ATR-FTIR) to measure the pre-and postneutralised fibrous webs. Scanning was conducted from 4000 to 600 cm −1 with a resolution of 4 cm −1 and a scanning interval of 2 cm −1 with 64 repetitious scans averaged per sample.
Tensile Strength Testing.
Tensile testing of electrospun webs was conducted using an Instron 5544 single column 
Results and Discussion
The solubility characteristics of the polymer are of fundamental importance in the process of selecting the suitable solvent systems for electrospinning. Table 1 summarises the solvent systems that were selected based on previous studies [10] [11] [12] 15] and evaluation of the solubility behaviour following the Hansen theory of solubility [14, 17] . The total solubility parameter ( ) is a numerical value that demonstrates the relative solvency behaviour of a specific solvent. The concept that solubility is related to the internal energy of solvents and solutes was first introduced by Hildebrand as the square root of the cohesive energy density (CED) of the material. The Hansen parameters extended the concept that the total cohesive term and thus the total solubility parameters ( ) of the total Hildebrand value may be divided into: dispersion component ( ), polar component ( ) and hydrogen bonding component ( ℎ ). The equation is as follow [17] :
The SI unit of all the Hansen parameters is MPa 1/2 . Values of , , and ℎ at room temperature for a variety of CA solvents are given in Table 2 [14, 18] . According to Hansen, an approximately spherical area of solubility may be constructed in a three-dimensional coordinate system of , , and ℎ . The radius of that sphere is called the interaction radius ( ), and the value of for CA is 12.40 MPa 1/2 [18] . A polymer is probably soluble in a solvent if the distance between the solvent and the centre of the polymer solubility sphere ( ( − ) ) is less than the radius of interaction for the polymer ( ( − ) < ) [14, 17, 18] . Accordingly, acetone, DMAc, acetic acid, chloroform, and partly methanol would be expected to dissolve CA ( Table 2 ). The Hansen sphere ( ( − ) ) of water and methanol are 32.47 and 12.35 MPa 1/2 , respectively, which is not within an appropriate range for the dissolution of CA, particularly for water (Table 2) . Therefore, the preparation of CA solutions in the binary solvent systems of acetone : water (4 : 1), methanol : water (4 : 1), and methanol : acetone (3 : 2 and 4 : 1) were hampered due to precipitation of polymer during the stirring process (Table 1) . Table 3 summarises the boiling points, viscosity, surface tension, and the Hildebrand and the Flory-Huggins parameters for each solvent type [15, 19, 20] . The Hildebrand solubility parameter ( ) indicates the degree of interaction between materials and can be a good predictor of solubility, particularly for nonpolar polymer materials [15] . The Hildebrand solubility parameter ( ) is derived from the cohesive energy density of the solvent, which in turn is derived from the heat of vaporisation [21] . CA is soluble in solvents when the Hildebrand solubility parameters ( ) lie between 9.5 and 12.5 (cal cm −3 ) 1/2 [15] . The Hildebrand solubility parameters of acetic acid and chloroform are 13.1 and 9.21 (cal cm −3 ) 1/2 , respectively, which is not within an appropriate range for the dissolution of CA (Table 3) . However, Table 2 shows the Hansen sphere ( ( − ) ) of acetic acid and chloroform are 2.68 and 8.87 MPa 1/2 , respectively, which is less than the radius of interaction ( ) of CA and would be expected to dissolve the CA. This may be attributed to the fact that the predictions using the Hildebrand solubility parameters are made with the absence of any specific interactions, especially hydrogen bonds. [21] . Therefore, all experiments were conducted using acetone, acetic acid, DMAc, chloroform, and methanol. Other important considerations are the boiling temperature ( ∘ C), viscosity ( ), and surface tension ( ) which were also taken into account (Table 3) in the selection of an appropriate solvent because they also affect the prospect of continuous electrospinning of ultrafine and uniform CA fibres. Additionally, binary solvents were studied since they could also potentially provide solvent systems with properties that were suitable for continuous, blockage-free electrospinning.
A summary of the spinning performance of each polymer solution is given in Table 1 , which summarises the formation of continuous fibres or beads as a function of processing conditions. The solubility of CA in the selected solvent does not necessarily mean that fibres could be continuously produced during electrospinning; in many cases, beads were produced, and, in others, continuous spinning was interrupted by the volatility of the solvent in the polymer solution. In the preparation of the spinning solutions, different polymer concentrations were examined; however, except for the binary solvent systems containing acetone : DMAc, none of the solutions successfully produced substantially bead-free fibres (Table 1) . Fibrous webs could not be obtained using a CA concentration of less than 13% (w/v). Similarly, spinnability issues were encountered due to high viscosity at polymer concentrations greater than 18%-20% (w/v) using single solvent systems. Specifically, continuous electrospinning of CA from solutions containing acetone, methanol, and chloroform alone was impeded due to their volatility and low boiling point (Table 3) ; beads were obtained on the screen collector for single solvent systems of chloroform and methanol (Figures 1(a) and 1(b) ) [10, 15] . Acetic acid as a solvent did not enable production of a fibrous web, which is in agreement with the reported literature [11] . Liu and Hsieh [15] first reported that CA solutions in acetic acid could not be continuously electrospun, which may be attributable to the relatively low dielectric constant of acetic acid resulting in unstable electrospinning conditions [9] .
Satisfactory spinning conditions could not be established for acetone : water in ratios of 17 : 3 (85 : 15) under the given experimental conditions [10, 22] . The solubility of CA in acetone : water is affected by the relative concentration of solvents such that the spinning solution could not be satisfactorily produced in a ratio of 4 : 1 (80 : 20) due to the precipitation of CA (Table 1) . Reducing the concentration to 10% (w/v) did not improve the results. The poor performance of this particular solvent system may be explained in terms of the Hildebrand solubility ( ) and the Flory-Huggins ( ) parameters of water ( Table 3 ). The Flory-Huggins parameter ( ) characterises the polymer-solvent interaction, wherein a smaller value of indicates a more thermodynamically compatible interaction between the solvent and the polymer [15] . Therefore, among the six solvents examined, DMAc was expected to be the most thermodynamically compatible solvent for CA, followed by chloroform, acetic acid, acetone, water, and methanol. The Hildebrand solubility and the Hansen sphere ( ( − ) ) for water are also 23.5 (cal/cm −3 ) 1/2 [19] and 32.47 MPa 1/2 , respectively (Table 2) , which is not within an appropriate range for the dissolution of CA. Therefore, it was observed that there was greater precipitation of CA as the amount of water increased in the binary solution of acetone and water. Incorporation of water also decreased the overall evaporation rate during electrospinning [23] . In the present study, satisfactory spinning conditions could not be established with 3 : 1 acetic acid : water as a solvent either, using the given experimental conditions because continuous electrospinning was hampered (Figures 1(c) and 1(d) ).
Similarly, a satisfactory spinning solution could not be established for methanol : water (4 : 1). The poor performance of this binary solvent system is attributed to the high Hildebrand solubility ( ) and Hansen sphere ( ( − ) ) for water and methanol which is not within an appropriate range for the dissolution of CA (Tables 2 and 3 ). The Flory-Huggins ( ) parameter of methanol (1.87) is also the highest amongst the solvents used for this study followed by water (1.4) ( Table 3 ) suggesting these two solvents are the least thermodynamically compatible for dissolving CA. The precipitation of cellulose acetate in the binary solvent systems of acetone : water (4 : 1), methanol : water (4 : 1), and methanol : acetone (4 : 1, 3 : 2) therefore prevented spinning trials using these particular solvent systems. Tubular, collapsed ribbon, tape, branched, and various other morphological forms are frequently observed in electrospun materials depending on solvent properties, spinning solution rheology and process conditions [24] . Ribbon-like fibres were observed in the webs produced from acetone with a relatively large ribbon width of 28 m (range of 10.28-61.13 m) (Figure 2(a) ). When a highly volatile solvent system is used for electrospinning, the tubular fibre skin of the jet collapses due to a rapid vaporisation of the solvent from within the fibre [24, 25] . Koombhongse et al. [24] reported that irregular shaped beads can be observed since the skin on the bead also collapses due to the rapid removal of solvent from the interior. The rapid rate of evaporation of acetone International Journal of Polymer Science 5 therefore leads to ribbon-like fibres being observed in the asspun web (Figure 2(a) ). Moreover, the low boiling point of acetone (lowest amongst of the solvent used in this study) gives rise to needle tip blockage, which hampers continuous electrospinning (Table 3) . It was not possible to spin fibres from a CA solution in DMAc under the prevailing experimental conditions. Strong hydrogen bonding between CA and DMAc [26] and the high boiling point of the solvent (Table 3 ) resulted in poor evaporation of DMAc during electrospinning. The evidence of insufficient solvent evaporation may be observed in Figure  2 (b). Similarly, a high incidence of bead formation was observed in the webs produced from the binary solvent system of acetic acid : DMAc (3 : 1) (Figure 2(c) ). This could also be attributed to the high boiling point of the solvents and the strong hydrogen bonding between CA and DMAc which results in insufficient solvent evaporation [27] .
CA solutions with concentration of 15% (w/v) in the binary solvent system of acetic acid : acetone (3 : 1) was also examined. Acetic acid : acetone (3 : 1) mixtures supported continuous electrospinning and web formation. The resultant fibres, however, contained many large beads on their surface (Figure 2(d) ). The average fibre diameter was found to be 12.06 m (range of 11.22-16.78 m). Liu and Hsieh [15] indicated that CA solutions produced from acetic acid : DMAc and acetic acid : acetone mixtures could be continuously electrospun, however fibres with a diameter of 1-2 m containing large beads were formed.
For the remaining solvents, acetone : methanol (3 : 2 and 4 : 1), chloroform : methanol (4 : 1), and acetone : DMAc (2 : 1) fibrous webs were satisfactorily produced on a continuous basis for up to one hour confirming their suitability for continuous web production. The solubility of CA in a binary solvent of methanol and acetone is affected by the ratio of methanol and acetone in the solution; spinning solutions could not be satisfactorily produced when the ratios were 3 : 2 and 4 : 1 methanol : acetone due to precipitation of CA. However, by increasing the amount of acetone in this binary solution (acetone : methanol 3 : 2 and 4 : 1), clear spinning solutions were produced; spinning from this solution resulted in fibrous webs containing small beads with fibre diameters ranging between 436 nm and 1.01 m. Typical web structures produced from each solvent system are shown in Figures 3(a) and 3(b) . The mean fibre diameter, fibre morphology, and the prevalence of bead formation were found to depend upon the solvent system. The mean fibre diameter of the webs produced from the 4 : 1 acetone : methanol binary solution was 4.35 ± 0.5 m, and from the 3 : 2 acetone : methanol binary solution, it was 1.99 ± 0.5 m. Morphologically, smooth fibres were observed in all webs.
Fibres produced from the binary solution of chloroform : methanol (4 : 1) were irregular in morphology and ribbon-like fibre structures were present as indicated in Figures 3(c) and 3(d) . The presence of the ribbon-like fibres could be attributable to the rapid evaporation of chloroform from the polymer surfaces. The mean fibre diameter of the CA fibres produced from this spinning solution was 1 ± 0.5 m.
It has previously been reported that increasing the methanol content in solvent systems can contribute to the formation of both beaded and smooth fibres [28] . Table 3 demonstrates that DMAc and acetone possess the two extremes of solvent properties. To achieve intermediate surface tensions and viscosities, CA was dissolved in a binary solvent system of acetone : DMAc in different ratios. Electrospinning of CA in DMAc : acetone (2 : 1) at any concentration generated beads rather than fibres ( Figure  4(a) ), similar to the use of DMAc alone. Liu and Hsieh [15] also showed that DMAc : acetone (2 : 1) is not a suitable solvent for the electrospinning of CA due to its high surface tension. However, increasing the fraction of acetone to DMAc (2 : 1) improved spinning stability and produced substantiality smaller beads. Fibres of 140 nm-582 nm diameter (mean = 264 ± 0.5 nm) were produced as shown in Figure 4 (b) at a polymer concentration of CA 15% (w/v).
The morphology of the electrospun CA fibres produced using the binary solution of acetone : DMAc (2 : 1) was found to vary with the concentration of the CA in the solution. The SEM images of fibres produced from 15% (w/v) and 20% (w/v) CA concentrations are shown in Figure 5 . Spherical bead-like particles were observed for CA electrospun fibres produced from 15% (w/v) CA in acetone : DMAc (2 : 1) solution (Figures 5(a) and 5(b) ). The morphology of electrospun webs were improved with an increase in the CA concentration to 20% (w/v) (Figures 5(c) and 5(d) ). The size and number of beads decreased and the fibre diameter International Journal of Polymer Science Further experiments revealed that optimum conditions for the production of cellulose acetate (CA) in a binary solvent system of acetone : DMAc (2 : 1) can be identified as a CA polymer concentration of 25% (w/v), voltage 25 kV and a flow rate of 0.002 (mL min −1 ) (Figure 6 ).
Effect of Deacetylation of Ultrafine Cellulose Acetate on
Fibre Properties. Previously researchers have investigated changes in tensile properties as a result of deacetylation [13] . In this study, the influence of heat treatment (post web NaOH solution in an ethanol : water (1 : 4) mixture for 24 hr at room temperature. It has been shown that deacetylation with NaOH is more efficient and complete in ethanol than under aqueous conditions [10, 29] . Acetyl groups in the CA molecules could be completely removed via the hydrolysis reaction [30] , after deacetylation fibres were rinsed in distilled water and left in desiccators under vacuum until dry.
Tensile Properties.
The untreated webs exhibited low tensile strength and high elongation at break compared to the heat treated material. The tensile modulus and tensile strength were improved via the heat treatment process, consistent with previous findings [13] . Figure 7 displays the tensile stress-strain curve of the untreated CA webs compared to the heat-treated CA webs obtained at a cross-head speed of 10 mm min −1 . The increase in tensile strength can be attributed to cross-linking between the CA fibres after heat treatment leading to interfacial bonding between fibres at the cross-over points as is evident from Figure 8 . As a result, the material's structural integrity and the mechanical strength were dramatically improved [13] . Interestingly, the fibre morphology was not modified by heat treatment and remained intact. All results are in full agreement with previous research reported by Ma and coworkers [13] .
An ATR-FTIR spectrum of the untreated cellulose acetate web is shown in Figure 9 (a). The broad absorption band seen at 3478 cm −1 is attributed to O-H stretching [10, 13, 15] . The band at 1738 cm −1 is associated with the overlapped ester carbonyls in CA. This peak is a characteristic peak for CA as other bands may also occur in other cellulosic polymers. Figure 9 (b) shows changes in the ATR-FTIR spectra of CA fibres after deacetylation for 24 hr (RC web). As can be observed, the characteristic acetyl band for CA at 1738 cm −1 completely disappeared, indicating that the cellulose acetate is converted to regenerated cellulose (Cellulose II). Also, the broad absorption band seen at 3478 cm −1 in Figure 9 (a) appears to be larger in Figure 9 (b). This suggests the presence of more hydroxyl groups after deacetylation. Interestingly, the alkaline treatment did not result in any major morphological changes in the constituent fibres (Figure 10 ).
Conclusion
The aim of this research was to interpret the varying morphology of electrospun cellulose acetate (CA) fibres in single and binary solvent systems based on solubility parameters to identify suitable solvent systems and optimum processing conditions consistent with the production of defect-free CA fibrous webs. In the present study, six solvents, namely, acetone, acetic acid, water, N,N-Dimethylacetamide (DMAc), chloroform, and methanol were examined as single and binary solvent systems for the electrospinning of cellulose acetate (CA). The results indicated that fibres could not be continuously produced when acetone, chloroform, and methanol were used as solvents to prepare CA electrospinning solutions because of needle tip blockage as a consequence of their high volatility and low boiling point. Only a few ribbon-like fibres were observed to varying extents in the webs produced from acetone and a relatively large ribbon width was obtained. Similarly, no fibres were obtained from CA solutions comprising acetic acid due to the relatively low dielectric constant of the solvent, which results in unstable electrospinning. The strong hydrogen-bonding interaction between CA and DMAc and also its high boiling point reduces the evaporation rate of DMAc molecules during electrospinning in the short travel distance from the needle tip to the collector.
Based on the Hansen solubility parameters ( ( − ) < 12.40), CA is soluble in acetic acid (2.68), acetone (5.39), DMAc (5.88), chloroform (8.87), and methanol (12.35). Similarly, CA is soluble in solvents when the Hildebrand solubility parameters ( ) lie between 9.5 and 12.5 (cal/cm 3 ) 1/2 , and therefore, among the six solvents examined, only two solvents meet both solubility criteria : acetone and DMAc with, Hildebrand solubility parameters of 9.77 and 11.1 (cal/cm 3 ) 1/2 , respectively.
A binary solvent system of acetone : DMAc (2 : 1) was found to be the most suitable solvent system for continuous electrospinning of CA fibres. The preferred conditions for electrospinning of CA in acetone : DMAc (2 : 1) were a polymer concentration of 25% (w/v), voltage of 25 kV, and flow rate of 0.002 (mL min −1 ). CA fibres exhibited improved tensile strength and modulus after heat and alkaline treatment (deacetylation) of the as-spun web. No substantial fibre morphological degradation occurred during this process.
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